SUMMARY
Major Rex Marrett in 1945 was commissioned to design an anaesthetic apparatus for field use to replace the Field Pattern Boyle's apparatus in use during the Second World War. His design was both elegant and avant garde and was capable of being used with all agents and circuitry then in current use. It was an economical machine with vaporizer in circle and carbon dioxide absorption as its chief mode of operation. The equipment and its later developments are described. Eventually the desire for knowing volatile agent concentrations led to its decline with production ceasing in 1976.
Is hospital anaesthetic equipment compatible with field use? Anaesthesia and Intensive Care always has interesting pictures of historic items on its front cover and in June 1998, one of Major Rex Marrett's earlier draw-over vaporizers 1 was illustrated 2 . However in 1945, he was commissioned by the British Army to design a new field service anaesthetic machine.
Then and now, both military and civilian anaesthetists desire anaesthetic equipment that enables them to use the best of contemporary anaesthetic techniques. But for the military anaesthetist, "size matters", as does robustness, maintenance and logistics. If all these criteria could be met, the same anaesthetic apparatus could be used in civilian hospitals as well as on military operations.
The anaesthetic apparatus used on the battlefields of the nineteenth century were simple and basic, and mirrored those used in civilian practice, except that chloroform was almost universally the agent chosen for military use as its vaporization characteristics were more appropriate than those of ether in a hot climate. It was non-inflammable and its onset and recovery were more rapid. The early twentieth century saw the start of more sophisticated apparatus, particularly in the United States 3 . The pace of these developments increased during the Great War i , and anaesthesia in the base and military hospitals continued to resemble closely civil anaesthesia, but, in the words of Flagg 4 (1918) , "where hundred and thousands of wounded are to be briefly treated and passed on for further observations (as in the field hospitals), it is essential that each patient be rendered unconscious and recover consciousness again as soon as possible". The use of nitrous oxide and oxygen met these requirements best. Gwathmey ii had introduced the water-sight feed bottle for measuring the flow of gases 5, 6 . In 1915, Captain Marshall iii designed his own nitrous oxide, oxygen and ether apparatus with wet flowmeters 7 and was urged by the surgeon, Sir Anthony Bowley, to have the machine made 6 . Eventually Coxeter's iv made a prototype, but Captain Boyle v , having seen Marshall's blocks at Coxeter's, designed his very similar eponymous apparatus and wrote papers on it 8 , which preceded Marshall's paper 7 . The Boyle machine became, in its field service guise, the standard military anaesthetic apparatus and remained so throughout the Second World War in General Hospitals 9 . The equipment came in a beautiful inch-thick mahogany box and took two men to lift it 10 .
Replacement for Field Pattern Boyle's apparatus
However, the Field Service Boyle's machine 11 was designed for use with neither soda lime nor cyclopropane and its water-sight gas metering was inaccurate; so Major Marrett, who had impressed his superiors with his earlier designs for soda lime absorption and draw-over apparatus 2 (an example is in the Geoffrey Kaye collection at the Australian and New Zealand College of Anaesthetists in Melbourne), was commissioned to design a prototype replacement by Colonel Scriven vi , the Adviser in Anaesthetics for Europe .
Brief for Marrett apparatus
The brief was that it should, as far as possible, "be of unit construction, portable, closed circuit, with no rubber parts so that it could be used in all parts of the world. It should also embody the techniques used at the time, insufflation for tonsillectomy and adenoidectomy, semi-open circuit, closed circuit and draw-over, should the gas supply fail" 10 .
Major Rex Marrett RAMC
Marrett, who was born in 1915, had partly trained as an engineer before qualifying at St Bartholomew's Hospital in London in medicine in 1940 12 . He had always had his own workshop and used to do his own car servicing vii . In 1945, he was seconded from normal duties for nine months and, after twenty prototypes in hardwood, the first real metal prototype was made in brass and copper viii . This machine incorporated the first Trilene (trichlorethylene) interlock ever made. It was patented, and a small firm, Airmed Ltd, who made aircrew oxygen masks, was contracted by the War Office to make the machine 10 .
His name was placed on the Royal Commission list of awards for wartime inventors for which he received £450. He purchased a caravan with the money 12 .
Marrett first described the equipment in 1948 13 vii. In the late sixties, he had a Bentley Continental that he claimed was far easier to service than an earlier Jaguar. viii. Unfortunately this prototype has been lost. Figure 3 shows the cardinal external features of the Marrett head and in particular, its compactness and the four gas rotameters easily seen at the front should be noted. These are individually bolted together and a block of up to five rotameters could be specified. The cyclopropane did not have a control tap as this was better controlled directly by the key on the cyclopropane cylinder. The triangular shape of the head with the chloroform or trichlorethylene bottle being at the rear can be made out. The metal soda lime canister is on the right and the ether vaporizer on the left. The inspiratory and expiratory valves are visible in the front and the re-breathing bag and air intake are below the elephant tubing.
Marrett Apparatus
The beauty of the equipment is revealed with its black anodized-aluminium panel work 14 . Note the use of colour-coded gas supply hosing with noninterchangeable bayonet fittings, so allowing the base gases to be easily attached to the base.
The cylinder stand must have been quite novel with its space-saving circular design. There were three reducing valves, each with a cylinder contents gauge so that there were gauges for nitrous oxide and carbon dioxide. These features were particularly innovative at the time. The AS2 regulators were also new and had metal washers, making them more suitable for use in a tropical climate rather than the THE MARRETT APPARATUS Anaesthesia and Intensive Care, Vol. 33, Supplement 1, June 2005 9 rubber of the bulky and unreliable Adams valves used by the British Oxygen Company ix in the Boyle apparatus. Figure 6 shows the Marrett apparatus being used with a semi-closed circuit with high flows of nitrous oxide and oxygen to vaporize a mixture of trichloroethylene which is then used to vaporize additional ether. The machine was the first to have a Trilene interlock to prevent the use of soda lime with trichloroethylene x . The oxygen, nitrous oxide, trichloroethylene and ether were fed to the patient through double elephant tubing. If no re-circulation was required, a red anodized-aluminium blocker could be used to occlude the expiratory limb by the expiratory valve and a Heidbrink xi valve on the Y-piece opened to make a Magill breathing attachment 15 . xii Figure 7 shows a small volume of oxygen (one litre per minute) being fed to the ether vaporizer, to the patient via a circle attachment with the expired gases passing through soda lime and back to the vaporizer in circle.
As mentioned in the design brief, virtually all breathing-circuits were provided for in this machine [circle (vaporizer in circuit), insufflation, semi-open/ semi-closed, Magill, draw-over and Ayre's T-piece], needlessly to say, long before the Humphrey ADE and it did so with simplicity and elegance.
Similarly it was capable of delivering all the anaesthetic gases and volatile agents in common use at that time, ether, chloroform, trichloroethylene, nitrous oxide, oxygen, carbon dioxide and cyclopropane xiii .
Originally it was designed for to-and-fro carbon dioxide absorption as this is the most efficient, but as the soda lime was used up, the dead space at the top of the canister increased.
Modifications
Despite the machine's many advanced features, further modifications were made in the late fifties 16 . One of these was the option of circle absorption to avoid the deadspace. The use of insufflation waned in the fifties but the use of muscle relaxants and controlled ventilation had vastly increased, so Marrett thought that it would be safer to move the oxygen bypass from feeding into the rotameters to feeding into the patient side of the circuit. The breathing bag shutoff valve was removed so that the tension of the thin rubber bag would always give an indication of the pressure in the circuit, particularly if using the oxygen flush to rapidly inflate the lungs after a muscle re- laxant. To assist controlled ventilation, the bag mount position was moved to the right of the expiratory dome and given a tapered connection so that a "walkaround" bag assembly could be easily attached.
As soda lime with an indicator was by then in common use, the metal soda lime canister was reengineered in glass 10 . Later, Marrett designed the Medrex apparatus for dental and mass casualties and measured the halothane concentrations to be found with the Marrett head in normal use 17, 18 .
Use by British Army
The army certainly bought a number of Marrett apparatuses and some retired army anaesthetists still remember using them in the British Military Hospitals in Malaya during the Malayan emergency, though it is probable that they were used in Military Hospitals everywhere. There is no record that they were ever used in the field. Was this anaesthetic equipment compatible with both hospital and field use?
The Marrett apparatus was never in the same category as the Australian Army Ether Apparatus 6,19 , the Oxford No 120 and No 2 ether inhalers 21, 22 , the ESO 23, 24 or the later EMO 25, 26 . However, it was certainly a good attempt and although compact, it was not as easily portable as might have been desired and was heavy on maintenance. The removal of the vaporizers required a special spanner to discourage the anaesthetic orderlies taking them apart and polishing the drums with metal polish, thereby causing premature wear and leakage as had been their practice with the field service Boyle's apparatus 10 .
Marrett apparatus in the Sixties
With the introduction of halothane in 1957, anaesthetists became more accustomed to using known concentrations of volatile agents and so the apparatus became less popular although it continued in production until 1976 (Marrett, personal communication would not have been known xiv . A Fluotec mark II (Cyprane Ltd., Keighley) 27, 28 was bolted on the front by some anaesthetists xv but the vaporizer in circle function would have been lost. By then, the army had long ceased to use the apparatus. It is interesting to speculate whether the equipment would have survived longer if the volatile agent monitors now available had been introduced in the sixties.
Conclusion
The Marrett apparatus had its devotees in Britain but was never as widely used as the civilian Boyle apparatus. The museums of the Association of Anaesthetists of Great Britain and Ireland and the Army Medical Services Museum have examples in their collection. It remains a superb example of design and engineering.
Cope 29 in 1951 stated that the "present designs in the manufacturer's catalogues could have no place at all in battle. Superb strength in construction and complete simplicity in design should be their keynote and this is not yet apparent." This was echoed by Professor Sir Robert Macintosh in his plea for simplicity; "I believe that in many circumstances anaesthetic apparatus is unnecessarily bulky and complex, and I think that a plea for simplicity is likely to commend itself 30 ." Anaesthesia in the field requires com-pact, simple and robust equipment that is not reliant on compressed gases.
Perhaps the Marrett apparatus does not quite live up to these ideals but it was a tremendous achievement. Regrettably, Dr Marrett died in March 2003 31 . 
